When knowledge becomes the key for progress and development its generation assumes great significance. Who generates it and how it is done become important issues, and particularly so in developing societies. We attempt to understand both the players and the system of knowledge generation using data from a longitudinal study of 404 scientists in Kerala collected in 1994 and 2000. The analysis focuses on changes occurring during this period in the personal characteristics of the researchers, their professional activities, and their productivity.
IS KERALA BECOMING A KNOWLEDGE SOCIETY? EVIDENCE FROM THE SCIENTIFIC COMMUNITY Introduction
Knowledge has become the buzzword in modern societies, dominating capital and labour.
A modern society was, until recently, perceived in terms of property and labour, while capitalist society was viewed as society of owners and non-owners. Soon it became a labouring society, and now it is forming into a knowledge society (Stehr 2001: 495) . The link between knowledge and development is more and more pronounced. Knowledge is the ability to transform our resources to our advantage and it has become the most important factor determining our standard of living, more than land, tools, or labour (World Bank 1998-99: 16) . Today most technologically advanced economies are knowledge-based. Not only do they generate new wealth from their innovations, but they create vast numbers of knowledge-related jobs (Ibid). As a consequence, societies are now transformed into what many theorists have viewed as true knowledge societies (Bell 1973; Drucker 1969; Lane 1966) . 1 The emergence of knowledge societies, however, is not a spontaneous event but a gradual process in which societies acquire new traits and features. Knowledge has become more fundamental and strategic for most spheres of life and it is modifying or even replacing the factors that have been constitutive of social action (Stehr 2001: 496) .
India possesses one of the five largest scientific communities in the world and accounts for about half of the scientific production of the developing countries as a whole (Gaillard et al 1997: 41) . The developing countries together represent only seven per cent of the world's mainstream scientific output, of which close to 80 per cent is produced in Asia. India's mainstream production has increased at about the same pace as the total world output during 1985-92.
Given that knowledge is becoming the basis of growth and development, this paper examines the institutional settings of knowledge creation in a small but widely-acclaimed state of Kerala in southwestern India. Even today it is believed to be a model of development though the initial euphoria about its achievements and credentials in several socio, economic and demographic spheres is on the wane. The setting has significance for two reasons. First, the state has initiated a number of programmes, following the footprints of many other southern states like Karnataka, Andhra Pradesh and Tamil Nadu, in order to chart a new path for its development by taking advantage of the demand for information technology (IT) the world over. The new IT policy document makes it clear that the growth of Kerala in the coming years will be increasingly driven by the knowledge and service-based sectors where information flow will be a key determinant factor of success (GOK 2001: 5) .
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When knowledge is the key for progress and development, its generation and the structures that facilitate or hinder the process become important. Added to this is the socio-economic ambience that stems from the process of globalisation. Scientific and technical knowledge produces incremental capacities for social and economic action or an increase in the ability to 'how-to-do-it' (Stehr 2001: 498) . This study focuses on the people who are involved in the generation of knowledge over a period of time within
Kerala. Based on a study first conducted in 1994, then repeated in 2000 in the teaching and research sectors, we trace the changes that have occurred at both the individual and system levels and looks at how the transformation affects the research system in Kerala. This paper looks at the transformation of the research community from 1994 to 2000.
Methodology
In the tables that follow, we examine the realms of personal and academic background, professional life, productivity and research facilities. The 2000 survey contained a variety of new questions on the Internet, a subject that was only beginning to capture the attention of the Malayali research community in 1994. Therefore, this paper focuses on changes in the scientific community with items that appear in both surveys. The survey instrument included both structured and unstructured sections on the major dimensions of professional research activities, international and national organisational contacts, frequency of discussions with various groups, supervisory roles and local contacts, professional memberships and activities, self-reported productivity, attitudes on agricultural and environmental issues, and the needs of the research system.
Background Data
In the sample 37 per cent (150 respondents) were women (36.6 per cent in 1994 and 37.3
per cent in 2000). The even distribution indicates that there is no significant change in gender composition between the two time periods. Although the ratio of women to men in Kerala is in favour of women (1058: 1000), it is not reflected in the professional positions of women in the chosen institutions of higher learning and research. This gender imbalance in the academic hierarchy has been reported in a recent empirical study (Kumar 2001 ). In the mean age of the respondents there is a statistically significant difference of four years, indicating that the research community is aging (Table 1 ). Father's occupation, which gives an indication to the socio-economic background of the respondents, shows some significant changes between the two time periods. More and more children of civil servants are being attracted to the field of research and teaching. In 1994 only 13.7 per cent of scientists were children of civil servants, while in 2000 this figure had risen to 43 per cent. At the same time, as evident from the data for 2000, farm origins had declined by nearly 10 percentage points. This difference is found to be statistically significant when tested with Chi-square (Table 1 ). There are also fewer children of parents who are in the profession of medical/nurse in the 2000 data. Single respondents were four times higher in the earlier time period, probably indicating more experienced personnel in the present research and teaching systems of Kerala. This finding is consistent with the data on age in which the mean difference is notably higher for the second set of data.
[ Table 1 
Professional Activities
For those in the research sector the most significant role partners within the employing organization are other scientists and engineers, technicians and field workers, and other non-technical staff. The first six rows of Table 2 may indicate a general reduction in supervisory and collaborative relationships over time for intra-organizational relations.
While there is a small difference in the number of professionals supervised, the number of technicians, fieldworkers, and non-technical staff has declined. The reduction in intraorganizational relationships is shown most clearly in rows 3 through 6 of Table 2 , based on a series of questions on the number of individuals of various types within his/her own organization with whom the respondent works closely. We interpret these items as indicators of collaboration within the organization or academic department of the respondents. Clearly, the number of collaborators is lower in 2000 than it was in 1994.
For scientific collaborators, as row 4 of Table 2 shows, the reduction is remarkable (8.63
to 3.23), a drop of nearly two-thirds. There are significant reductions as well in the number of technical and non-technical collaborators at less than professional rank (rows 5-6). If this is viewed as a measure of the extent to which researchers discuss research problems with other professionals, and the extent to which they are assisted in their research by non-professionals, then the reduction in research capacity is indeed puzzling, if not disturbing.
[ Table 2 India produces more than half of the scientific journals published in the Third World.
In the area of science and technology alone there are 1,500 journals published in India Finally, data participation in training courses and the days away from the organisation for professional activities during the last five years do not augur well for the scientific community. The percentage of the respondents who had gone for any professional course or training registered a negligible change in 2000 (row 14, Table 2 ). Further, the average number of days the respondents spent away from the organisation for professional activities had declined considerably (row 17).
Research and Productivity
The expenditure of India on research and development, in terms of its proportion to the GNP, increased after 1975. This is conspicuous when it is compared with the proportion among other developing countries. But since the nineties the trend is reversed. R&D funding in India fell from 0.92 per cent of the GNP in 1990 to 0.70 per cent in 2000 (Krishna, 2002: 10) . This may be compared with the figures of two to three per cent for the industrialised countries and 1.5 to 2.5 per cent for East Asia. As indicated by the [ Table 3 about here.]
The survey in both years contained a series of ten "written output" questions asking respondents to report their own productivity within the past five years. The most salient items pertain to articles in both foreign and national journals. We use self-reported publication data because of the absence of good bibliometric sources that include India.
Publications are highly relevant for researchers in developing countries and they generally have little difficulty in remembering them. However, there is no further check on the accuracy of these self-reported publications.
10 Table 3 shows little change in the primary types of research output. The contributions of the respondents to national and international (foreign) journals, edited volumes, the production of monographs, reports and bulletins do not show positive signs of change between the two time periods. Compared to 1994, self-reported contributions to foreign journals and national journals have declined. While there is a minor increase in the production of reports and contributions to edited titles, this is negligible. 11 Such outputs are not treated equally with contributions in peer-reviewed journals. In most cases, reports and monographs may be converted into publishable forms in journals after considerable intellectual input is added. Likewise, the present level of participation in national and international conferences, meetings, workshops and seminars is not encouraging for the growth of research activities in the state. The rate of presentation of papers at international meetings has dwindled in recent years, while there is a positive change in the case of national meetings. These changes are not statistically significant.
Conclusion
This study examines scientists in Kerala over the period from 1994 to 2000, focusing on stability and change in the personal characteristics, professional activities and output. In terms of the composition of the research system, some transformation is evident, including the aging of the Malayali scientific community and the class background of these professionals. Further, research and teaching have become the preferred professions of the wards of the middle class parents in the state. This class character is maintained and reinforced in the choice of life partners.
In terms of positive changes in the system, we found increased participation in policymaking bodies, a welcome trend that may pave the way for the integration of scientific knowledge in programmes and policies that affect the society. Further, there is some indication of an increase in the number of research projects. However, we are unsure whether the interpretation of this particular shift should be positive, and find little else to suggest the occurrence of improvements in the scientific system. Most characteristics examined showed little change, including such important indicators as the proportion of scientists with doctoral degrees and the relative absence of professional training abroad.
In comparison with the 1994-respondents, the amount of time dedicated to research has declined. While the number of reported research projects has increased, the number of contributions of the respondents to national and international journals has actually declined in recent years, as well as participation in national and international meetings.
The slight decrease in participation on the editorial boards of professional journals may also be a matter of concern.
One of our most puzzling findings is the reduction in the magnitude of interaction and intellectual exchange, indicated in our data by the number of collaborators within the local organization. Does this indicate that the scientists, researchers and professors in the state are confining themselves to their own academic islands or working on private projects, with declining interaction with the scientific fraternity? Perhaps the feeling for working closely with those in one's own organization also involves the competencies of these colleagues, who can be sought for clarifying thoughts and establishing productive research directions. The availability of such people may be a factor enhancing or reducing collaborative relationships among the researchers and teachers within an organization.
This pattern may be read in the context of the increase in consultancies, since such work is accomplished without subsequent published output. The low pay of many teachers and scientists and lack of encouragement accorded to these activities may be reducing interest in research. Other data (not shown) indicate a substantial increase in concern about the conditions for research, particularly in the matter of salaries. The organizational approach to reward and recognition has a significant impact on commitment of the scientific community to rigorous research activities. Though the current research scenario in Kerala may be better than that in some northern states of India, individuals who are dedicated, considering research as a tapasya, are few and in need of encouragement (Harikumar 2002: 4) .
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In this respect the current work suggests problems in the research system as it exists in India as a whole. India is the third largest in the world in terms of human resources in science and technology (Krishna 1997: 263) . The feeling that the system is now facing a crisis is strengthening. Partly, the research system is unable to attract the best talent.
Prospective students are wooed by career-oriented disciplines such as management, administration, engineering and IT, while science does not appeal strongly enough to the talented (Krishna, 2002:10) . Our results show that there is little improvement and much cause for concern regarding the state of the research system in Kerala.
Notes
The authors gratefully acknowledge the suggestions of the anonymous reviewers and the editor on the earlier version of this paper. (1904) . However, the Indian Botanical Association marked the professionalisation of science in India (Krishna, 1997, p.275 ). 7. Professional activities refer to a period of five years before the data was collected in 1994 and 2000. 8. In fact the number of NGOs is growing every year. A rough estimate shows that there is at least one NGO in every panchayat in Kerala. There are 991 panchayats in the state. 9. Gaillard et al (1997) notes that international scientific databases are highly selective and bibliometric studies based on this data represent only a small proportion of the world's science. This applies to those compiled by the Institute for Scientific Information, though this is the most widely used bibliographical database providing information on various countries. See also Frame et al (1977) , Garfield (1983) , Frame (1985) , Moravcsik (1985) , and Arvanitis and Gaillard (1992) . 10. One objection to using self-reports is that they are based on memory, but the alternative is to use C.V.s, which are often unavailable and outdated. Moreover, there is frequently no means of reproducing them. 11. The history of India in this respect is interesting. For instance, Krishna (1997) 
